Epidemiology
OSAS is an extremely common sleep related breathing disorder, and its prevalence has been increasing throughout the world because of obesity and increasing age of the general population. Its prevalence is between 2% and 25% in the general population, depending upon how sleep apnea is defi ned. In an epidemiological study, Young et al. noted that the prevalence of sleep apnea, defi ned as apnea-hypopnea index (AHI) ≥ 5/h was 9% for women and 24% for men. 10 However, the prevalence of OSAS (defi ned as AHI ≥ 5/h and daytime sleepiness) was 2% in women and 4% in men. 10 The National Sleep Foundation (NSF)
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Poll found that 1 in 4 Americans are at high risk of having sleep apnea based on the Berlin Questionnaire. 11 The prevalence of sleep apnea is much higher in surgical patients and depends on the type of surgery. In the bariatric surgery population, the prevalence of sleep apnea has been found to be > 70%. 12, 13 It is the standard of care for these patients to get a formal sleep evaluation prior to undergoing the bariatric surgery. However, patients who are coming for general surgery also have a higher prevalence of sleep apnea. 14 Chung et al. used the Berlin Questionnaire preoperatively and found that 24% of surgical patients were at high risk for sleep apnea. 15 We used the STOP-BANG Questionnaire in our elective surgical population and found that 41% of patients were at high risk for sleep apnea based on the questionnaire. 16 In a cross-sectional study, 39 patients underwent nocturnal polysomnography (NPSG) prior to undergoing epilepsy surgery. It was found that 1 in 3 patients undergoing epilepsy surgery had sleep apnea. 17 In another study, the prevalence of sleep apnea was found to be 64% in a small population of patients undergoing surgery for intracranial tumor. 18 The majority of these patients are unaware of their sleep apnea prior to undergoing elective surgery. In an observational study, Finkel et al. noted that > 80% of surgical patients were unaware that they had sleep apnea prior to undergoing surgery.
There are studies that have shown that REM sleep is usually absent on postoperative nights 1 and 2. This is usually followed by a profound increase in the amount and density of REM sleep (REM sleep rebound) during recovery nights 3 to 5. 44, [57] [58] [59] The episodes of sleep disordered breathing and hypoxemia are usually worse during REM sleep due to hypotonia and unstable breathing. REM sleep is also associated with increased sympathetic discharge leading to tachycardia, hemodynamic instability, and myocardial ischemia. [60] [61] [62] [63] [64] It is well known that most complications after the surgery occur in the first postoperative week, especially between postoperative days 2 and 5, corresponding to periods of REM rebound. Episodes of hypoxemia after surgery have been reported to occur mostly between postoperative nights 2 to 5. 58, 59, 65 These episodes may increase the risk of wound infection, cerebral dysfunction, and cardiac arrhythmias. 66 In an observational study at Mayo Clinic, it was found that the incidence of acute myocardial infarction peaked on day 3 after surgery. 67 Similarly, episodes of delirium, nightmares, and psychomotor dysfunction have been reported to occur between postoperative nights 3 to 5.
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Evidence on Sleep Apnea as a Risk Factor for Perioperative Complications
We systematically searched the literature on PubMed, Embase, and Scopus databases to identify relevant studies on association between obstructive sleep apnea and perioperative outcome. We included studies conducted in adults who underwent elective surgery. We excluded bariatric surgery and sleep apnea surgery population. Two authors (TSV and RG) independently searched for the relevant articles published in the English literature from 1966 to December 2011. We used the combination of terms including surgery, perioperative outcome, perioperative complications, perioperative pulmonary outcome, perioperative risk, postoperative complications, and obstructive sleep apnea. Bibliographies of all selected articles and review articles were also reviewed to find any other relevant article. These 2 authors (TSV and RG) also independently assigned the Oxford level of evidence and the grade of recommendation to each article. 71 There was 100% agreement between the 2 authors. We identified 11 articles on obstructive sleep apnea and perioperative outcome. These articles along with their Oxford level of evidence are reported in the Table 1 and Table 2 .
Surgical patients are at higher risk of having complications for a variety of reasons, including ASA (American Society of Anesthesiologists) class, 72 [84] [85] [86] type of anesthesia, 73, 78, 87, 88 and other comorbidities-especially chronic obstructive pulmonary disease, coronary artery disease, and renal failure. 79, 80, 89 The risk of postoperative complications also depends on the type of surgery. The rate of complication is higher in patients undergoing abdominal surgery [90] [91] [92] and is also increased with aortic aneurysm repair, [93] [94] [95] [96] vascular, 74, 78, 79, 93 thoracic, 83, 90, 93, 96 and neck surgery. 83, 96, 97 Gupta et al. have shown an increased risk of postoperative complications (39% vs 18%), higher rate of transfer to ICU (24% vs 9%), and increased length of hospital stay in patients with obstructive sleep apnea compared with control subjects matched for age, sex, and body mass index (BMI). 98 In this study, these investigators also reported that OSA patients who
Impact of Sedation, Anesthesia, and Opioids
Patients with sleep apnea have recurrent episodes of partial or complete obstruction of the upper airway during sleep. These episodes usually occur when the negative pressure of inspiratory muscles exceeds the upper airway dilator muscle activity (critical airway pressure). 19, 20 General anesthetics have been shown to decrease the upper airway dilator muscle activity in a dose-dependent manner and thereby increase upper airway collapsibility. [21] [22] [23] In 12 healthy subjects undergoing minor surgery, increasing depth of propofol anesthesia was associated with a progressive increase in critical airway pressure and upper airway collapsibility. 23, 24 This increased upper airway collapsibility was found to be secondary to progressive decrease in the genioglossus muscle activity. Upper airway collapsibility may cause worsening of the sleep apnea and increase the risk of hypoxemia, cardiac arrhythmias, and postoperative complications.
Anesthetic medicines also impair the arousal response, a protective defense mechanism against sleep apnea that helps in overcoming the airway obstruction. Anesthetics, opioids, hypnotics, and benzodiazepines may also cause respiratory depression and thereby decrease the minute ventilation. Studies have shown that halothane reduces the ventilatory response to hypoxemia and hypercapnia in humans. 25, 26 This depression is most likely secondary to a selective effect of halothane on the peripheral chemoreflex loop. Similarly, a subanesthetic dose of isoflurane has been shown to reduce the hypoxemic ventilatory response via peripheral chemoreceptors. 27, 28 Patients undergoing surgery frequently receive opioids for the pain control. Opioids have been shown to impair ventilatory function by affecting both peripheral and central carbon dioxide chemoreflex loops .29,30 Studies have shown that small doses of narcotics administered epidurally may also depress the respiratory function, even in healthy adults. [31] [32] [33] The ventilatory depression of opiates appears to be affected by sex and ethnicity, as well. 34, 35 Morphine has been shown to reduce hypoxic and hypercapnic ventilatory response in women, but not in men. 34 On the other hand, it raises the apneic threshold in men with no effect in women. 34 The combination of opiates and benzodiazepines has been shown to cause more significant episodes of hypoxemia and apnea. 36 This is most likely secondary to significant reduction of hypoxic ventilatory response to both opiates and benzodiazepines.
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REM Sleep Rebound
Surgical patients have been shown to have highly fragmented sleep on postoperative nights 1 or 2, with a significant reduction in REM sleep, slow wave sleep, and increased stage 2 NREM sleep. [40] [41] [42] [43] [44] [45] [46] These sleep disturbances usually occur secondary to surgical stress, pain, and the use of anesthetic and pain medications. 40, 47, 48 The stress of surgical trauma leads to increased level of cortisol, and cortisol has been shown to cause significant reduction in REM sleep. 49, 50 Surgical trauma has also been shown to induce significant inflammatory response, characterized by the increased level of pro-inflammatory markers like tumor necrosis factor alpha (TNF-α), interleukin 1 (IL-1), and IL-6. [51] [52] [53] These inflammatory markers, especially IL-1 and TNF-α, have been shown to suppress REM sleep. OSA had higher incidence of encephalopathy, postoperative infections (mediastinitis), and increased ICU length of stay. 100 Similarly, Memtsoudis et al. in their case-control study found that orthopedic and general surgical patients with sleep apnea were at a higher risk of having perioperative pulmonary complications. 101 Hwang et al. demonstrated that the rate of postoperative complications was increased in proportion to episodes of overreceived continuous positive airway pressure (CPAP) therapy prior to surgery had a reduced rate of serious complications and a one-day reduction in the length of hospital stay. In another case-control study, Liao et al. found that patients with OSA had higher rate of postoperative complications (44% vs 28%). 99 Interestingly, they also noted that OSA patients who were not compliant with their CPAP had the highest rate of postoperative complications. Kaw Review Article ed in the surgical population: the Berlin Questionnaire, ASA checklist, and the STOP-BANG questionnaire. The Berlin questionnaire is the most widely used questionnaire to identify patients at high risk for OSA. It contains 11 questions that are organized in 3 symptom categories and has been validated in the primary care patients. 109 It has a sensitivity of 86% and positive predictive value of 89% for identifying patients with respiratory disturbance index (RDI) > 5/h in the primary care clinic. Recently, Chung et al. validated the Berlin questionnaire in surgical population and found that it had a sensitivity of 74.3% to 79.5% and a negative predictive value of 76% to 89.3% in identifying patients with moderate-to-severe OSA. 110 However, this questionnaire has complex scoring system and is time consuming. 111 The American Society of Anesthesiologists (ASA) checklist also appears to be very useful and promising and has been proposed by ASA Task Force to identify patients with OSA. 112 It contains 12 items for adults and 14 items for children. The ASA checklist has been shown to have a sensitivity of 78.6% to 87.2% and a negative predictive value of 72.7% to 90.9% in identifying surgical patients with moderate-tosevere OSA. 110 Recently, the STOP-BANG (Snoring, Tiredness during daytime, Observed apnea, high blood Pressure, Body mass index, Age, Neck circumference, Gender) questionnaire was validated as a screening modality for OSAS in the preoperative setting. 113 It is a concise, self-administered, and easy-to-use questionnaire that consists of 8 yes/no questions. Patients are considered to be at high risk of OSAS if they answer yes to ≥ 3 items. The sensitivity of the STOP-BANG questionnaire at an AHI > 5, > 15, and > 30 cutoff values was 83.6%, 92.9%, and 100%, respectively; corresponding negative predictive values (NPV) were 60.8%, 90.2%, and 100%. This questionnaire has a moderately high level of sensitivity, specificity, and NPV to detect patients with moderate (AHI > 15) to severe (AHI > 30) sleep apnea in the surgical population. Therefore, if the patient is ranked as a low risk for OSA by the STOP-BANG scoring model, practitioners can exclude the possibility that the patient would have moderate-to-severe sleep apnea with a good degree of accuracy.
Table1 (continued )-Studies reporting association between obstructive sleep apnea and perioperative complications
Abrishami et al. conducted a systematic review to identify and evaluate the different screening questionnaires for sleep apnea. 114 They noted that the Berlin and STOP-BANG questionnaires had high sensitivities and specificities in predicting moderate or severe sleep apnea. However, they found that the STOP and STOP-BANG questionnaires had the highest methodological validity, and these questionnaires are very easy to use.
Nocturnal Pulse Oximetry
Nocturnal pulse oximetry has also been used for the screening of OSA. Malbois et al. compared the sensitivity of nocturnal oximetry to ambulatory monitoring in order to identify patients with sleep apnea prior to undergoing bariatric surgery. 115 They demonstrated that nocturnal oximetry with a 3% desaturation index as a screening tool for OSA could rule out significant OSA (AHI > 10) and also detect patients with severe OSA. This cheap and widely available technique could accelerate preoperative work-up of these patients. night desaturation during home nocturnal oximetry. 102 In this study, 172 patients underwent home nocturnal oximetry during preoperative evaluation for elective surgery. The number of episodes per hour of oxygen desaturation (or oxygen desaturation index) ≥ 4% (known as the ODI 4%) was calculated for every patient from the home nocturnal oximetry. Patients with an ODI 4% ≥ 5/h had a significantly higher rate of postoperative complications than those with ODI 4% < 5/h (15.4% vs 2.7%). Interestingly, the rate of postoperative complications increased with increasing ODI severity. Patients with an ODI 4% of 5-15 had a 13.8% incidence of complications, compared to 17.5% of those with an ODI 4% > 15.
In a recent cohort study, 471 patients who underwent noncardiac surgery within 3 years of polysomnography were evaluated for postoperative complications and hospital length of stay. It was found that patients with sleep apnea had higher rate of postoperative complications and hypoxemia. 103 We used the STOP-BANG Questionnaire preoperatively to identify patients at high risk for OSAS. 16 We found that patients at high risk of OSAS had a higher rate of postoperative pulmonary and cardiac complications than patients at low risk (19.6% vs 1.3%). We also noted that patients at high risk of OSAS had significantly higher length of stay in the hospital compared to patients at low risk. Gali et al. used Flemons criteria and SACS (sleep apnea clinical score) to identify patients at high or low risk for obstructive sleep apnea. 104 They also noted that patients with high SACS and PACU (postanesthesia care unit) events had a higher rate of postoperative respiratory events. Similarly, Auckley et al. used the Berlin Questionnaire to identify the high-risk patients. 105 They demonstrated that patients at high risk of sleep apnea had more postoperative complications (20% vs 4.5%); however, this difference was not statistically significant.
There are two studies that have been conducted in patients undergoing ambulatory surgery to assess the impact of obstructive sleep apnea. 106, 107 These studies found that the presence of OSA did not increase the rate of unplanned hospital admissions in patients who underwent outpatient surgical procedures. Stierer et al. used a prediction model in a cohort of ambulatory surgical population to assess the probability of sleep apnea. 107 They demonstrated that patients with ≥ 70% propensity for OSA had increased rate of difficult intubation, increased oxygen requirement, and intraoperative tachycardia.
How to Identify Patients with Sleep Apnea
Nocturnal polysomnography (NPSG) is considered to be the gold standard to identify patients with obstructive sleep apnea. 108 However, in the perioperative setting, it is difficult to implement due to a variety of factors, including its prolongation of the process of surgery and contribution to the overall cost. In many hospital settings, it may also not be readily available. There are other methods that have been shown to identify patients who are at risk for obstructive sleep apnea including questionnaires, nocturnal pulse oximetry, and home sleep testing.
Questionnaires
There are many questionnaires that are available to identify surgical patients who are at high risk of having obstructive sleep apnea. Three of these questionnaires have been validat-conducted to evaluate neck circumference, body mass index, modified Mallampati score, tongue volume, tonsillar size, and nasopharyngeal characteristics. It is important to administer screening questionnaires like the Berlin, ASA, or STOP-BANG to identify patients at high risk for OSA. These questionnaires are simple and easy to administer preoperatively and have been validated in the surgical population. There should be an action plan for the management of high-risk patients during the perioperative period. In few circumstances, anesthesiologists and surgeons may decide to obtain formal sleep evaluation for the management of sleep apnea prior to performing surgery.
Intraoperative Management
Intraoperative management usually focuses on surgical measures and the type of anesthesia. One should minimize the surgical stress and the duration of surgery as these factors have been shown to increase the perioperative complications. Whenever possible, consider using regional or local anesthesia instead of general anesthesia. These patients should be extubated when they are fully awake, preferably in the semi-upright position.
Postoperative Management
Patients at increased perioperative risk from OSA should be very closely monitored in the post anesthesia care unit (PACU) for hypoxemia or other complications. They should have continuous monitoring of oxygenation with the help of pulse oximetry. Whenever possible, these patients should be placed in the non-supine position after the surgery to decrease the severity of apnea. These patients are very susceptible to opioids and benzodiazepines and one should minimize the use of these medicines in the perioperative period. Consider using NSAIDs, acetaminophen, tramadol, and regional analgesia for pain control. Dexmedetomidine can be very useful for sedation because of its opioid sparing effect and the lack of respiratory depression. Patients with the known diagnosis of sleep apnea should use their CPAP after surgery. There is no randomized controlled trial that has demonstrated that CPAP is beneficial in the postoperative setting. However, one may consider using auto-CPAP in high-risk patients after surgery, although it might be difficult for the CPAP-naïve patient to get used to it in the perioperative period. Once again, the use of auto-CPAP has not been formally studied in this population, and there may be a need to conduct a randomized controlled trial to assess the efficacy of auto-CPAP. These patients should also get formal sleep evaluation after discharge from the hospital.
Evidence for Perioperative use of CPAP
CPAP acts as a pneumatic splint and helps in opening the collapsed upper airway at night. The application of CPAP also improves functional residual capacity (FRC) and oxygenation with reduction in work of breathing. CPAP has been shown to improve excessive daytime sleepiness in patients with OSAS. There is some evidence that the perioperative use of CPAP may help in reducing postoperative complications. In a case control study, Gupta et al. noted that OSA patients who were compliant with their CPAP had reduced rate of complications and also decreased hospital length of stay. 98 Similarly, Liao et al. noted that OSA patients who were not compliant with their CPAP were at the greatest risk of having postoperative complications.
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Home Sleep Testing
Ambulatory monitoring is another modality that can be employed in patients at high risk for sleep apnea. However, this is recommended only in patients with a high pre-test probability of sleep apnea and is not recommended in patients with coexisting cardiopulmonary complications. 116 It also has its limitations in terms of ease of use by the patients. There is one study that has shown the effectiveness of ambulatory monitoring in confirming the diagnosis of OSA in 82 % of adult surgical patients, identified as high risk prior to undergoing surgery, in a large academic medical center.
14 It would be helpful to evaluate this modality of diagnosing OSAS in specific surgical patient population.
Perioperative Management
The American Society of Anesthesiologists published practice guidelines in 2006 on the perioperative management of patients with obstructive sleep apnea. 112 It also proposed OSA scoring system to assess the perioperative risk. Based on these guidelines, perioperative care can be subdivided in 3 parts: preoperative evaluation, intraoperative management, and postoperative management ( Table 3 ).
Preoperative Evaluation
Patients should undergo thorough history and physical examination preoperatively with the special emphasis on the evaluation of sleep apnea. One should obtain history pertinent to sleep apnea including snoring, excessive daytime sleepiness, witnessed apneas, frequent awakenings at night, and morning headaches. A focused physical examination should be Squadron et al. demonstrated that the use of CPAP leads to reduction in the incidence of endotracheal intubation and other severe complications in patients who develop hypoxemia after elective major abdominal surgery. 117 In a randomized controlled trial, Kingen-Milles et al. found that the prophylactic use of nasal CPAP was associated with a reduction in pulmonary complications and hospital length of stay in patients undergoing thoracoabdominal aortic aneurysm repair. 118 In another study, Zarbock et al. also noted significant reduction in the rate of pulmonary complications with the prophylactic use of nasal CPAP in patients undergoing elective cardiac surgery. 119 A recent meta-analysis of nine randomized controlled trials in the abdominal surgical population reported reduction in the rate of atelectasis, postoperative pulmonary complications, and pneumonia with the perioperative use of CPAP.
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Conclusions
Obstructive sleep apnea syndrome (OSAS) is a common type of sleep disordered breathing, with a high prevalence in the surgical population. The majority of patients with sleep apnea are undiagnosed and are therefore unaware of their OSAS at the time of the surgery. These patients are at increased risk for perioperative complications. Sedation, anesthesia, opioids, and REM sleep rebound have been shown to cause worsening of sleep apnea in the perioperative period that may lead to increase in the rate of perioperative complications. It is important to identify these patients preoperatively so that appropriate actions can be taken during their perioperative care. Screening questionnaires such as the Berlin, STOP-BANG, or ASA checklist are easy to administer preoperatively and have been shown to identify high-risk patients. There should be a standard protocol for the perioperative management of high-risk patients in order to reduce the rate of complications. These high-risk patients should also have a formal sleep evaluation for the longterm management of their sleep apnea after the discharge from the hospital.
